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SUMMARY

Trajectory data were determined for drops in air flowing
over a cylinder, a sphere, a ribbon, and several airfoils, by reduc-
tion of the number of parameters previously used. One trajectory
data curve for each body was thus obtained where an entire family
of curves was previously necessary.

This reduction of the number of parameters was suggested
by Langmuirl.
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form as follows:

dav

dx

dv
Yy dy

where:

K =

K, - 1/8
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DETERMINATTON OF DROP TRAJECTORIES BY MEANS
OF AN EXTENSION OF STOKES' LAW

The equations for two-dimensional motion of spherical drops in
flowing air (considered incompressible) may be written in non-dimensional

A is the distance the drop will travel if projected into still air with
vglocity U(in the absence of gravity) if the drag force obeys Stokes' Law.

Langmuir and Blodgettl found that results obtained by the differ-
ential analyzer solution of (1) and (2) were in good agreement with values
resulting from calculations based on K', an adjusted value of K, and Stokes'
Law, where (for flow around a cylinder):

(x - 1/8)
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A is the distance a droplet will travel if projected into still air with an
initial velocity of U when the drag coefficient follows values given in ref-
erence 1. x/xs is obtained from:

Ry
_x_zﬁl_ L;um (6)
Ks U 3 CD

ks/k is therefore an average value of CDR/QM for a drop projected into still
air with an initial velocity U and final velocity zero. If, for the case of
still air, Egs. (1) and (2)are solved by using an average value of CDR/ENK, there
is a K for which we can apply Stokes' Law and obtain the same trajectory.

Q
KO is defined by
&(C__DR L, (7)
K\ 24 average KO
or:
K = > x . (8)
Mg
If this adjustment of K is extended to the case of a varying air-
velocity field, the curves of Figures 1-20 result.
An examination of the curves suggests that for each body, instead

of a wide gpread of curves as shown in the Guibert® and Langmuir and Bledgett
reports, only one curve is then necessary.
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The curves of Figures 1-20 were computed in the following manner:
For a given airfoil a fixed value of RU was chosen corresponding to the dif-
ferential analyzer curves in the two reports by Guibert. Then for selected
values of E_ (or S or S_) the values of ¢ were obtained from these curves
and K computed from the %ormula K = R /%J The ratio x/xs was taken from
Table I of the Langmuir and Blodgett report, in each case corresponding to
the value of RU under consideration. Finally Ko was obtained from the for-
mula KO = K x/x This results in a table of values giving EM as a func~
tion of Ko Several values of RU were chosen for each body so that a family
of curves of Ey versus KO with RU as parameter results.

The curves pertaining to the sphere, cylinder, and ribbon were ob-
tained in the following manner. A value for ¢ was chosen for a particular
body and several values of Ey (or @y or Vi, as the case may be) and corre-
sponding values of K were taken from the Langmuir and Blodgett curves. From

R. = ¢K)1/2 an Ry was calculated for the chosen value of @ and each value
of K. The ratio x/xs was then obtained from Table I of the Langmuir and
Blodgett report. K, was then calculated from X, = K A/A  and E (or 6y

~or Vl) as a function of X, was plotted. This procedure was repeated for
several values of ¢ for each body.

The following curves are examples of those used in the above
calculations.
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SYMBOLS

radius of drop (ft.)
drag coefficient®
total efficiency or total percentage catch; ratio of y at x ==
to radius of cylinder or sphere; ratio of distance between the
initial positions of the upper and lower tangent trajectories
to maximum thickness of airfoil®

. *
defined by (4)
defined by (5)*
defined by (8)*

Characteristic length (ft.); radius of cylinder or sphere;
chord length of airfoil

Reynolds Number based on velocity atee ,(EaUpaéA)*

Reynolds Number based on relative velocity of drop in air
(RU|u-v’/U)*

furthest position of drop impingement on surface of airfoil,
measured from chord line in units of chord length, on upper and
lower surface respectively*

time in units of U/E*
velocity of air at infinity (ft./sec.)

air velocity components in x and y directions respectively,
in units of U*

air velocity (u% + u?)l/g*

drop velocity components in x and y directions respectively, in
units of U
drop velocity (vi + v§)1/2*

d;op impact velocity at stagnation point of cylinder in units of
7

coordinates in units of L¥
angle of attack of airfoil (degrees)
Stokes' Law range of drop in still air (ft.)

¥ dimensionless
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range of drop in still air (ft.)

absolute viscosity of air (lbs/ft-sec)
2, %

Ry /K

density of air (lbs/ftE)

density of drop (lbs/fta)

angle measured from x axis of sphere or cylinder (degrees)

angle measured from x axis of cylinder or sphere beyond which
no deposition occurs (degrees)

*

Ry

¥ dimensionless
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